A simple and efficient microwave-assisted extraction process has been developed in order to extract plumieride from Allamanda cathartica flowers. The extracts have been obtained through microwave-assisted extraction (MAE) process with ethanol and ethyl acetate at different time, power and temperatures. Static maceration at room temperature with ethanol and ethyl acetate was obtained in order to compare the efficiency of extraction. HPLC method was validated to quantify plumieride in the extracts. The analyzed parameters: linearity (R 2 = 0.999), precision (CV 3.3%), recovery (98%), specificity (97%), limit of detection (1 µg mL -1
INTRODUCTION
Throughout history, nature provide natural medicines for the treatment of a broad spectrum of diseases. Especially plants have been important sources of biologically active substances. This has provided the basis for pharmaceutical research and discovery of new molecules with therapeutic activity. [1] [2] [3] [4] According to the World Health Organization (WHO), about 80% of the world population depends on traditional medicine for their primary care using medicinal plants as biological source of active compounds. [5] [6] [7] [8] Considering this fact, Allamanda (Apocynaceae) is a genus of climbing shrubs, comprising twelve species distributed throughout tropical America. Some species, like A. cathartica, A. schottii and A. blanchettii have being grown as an ornamental plant. 9, 10 Among the classes of secondary metabolites isolated from this genus are steroids, terpenoids, flavonoids, coumarins, lignans and iridoids. [11] [12] [13] Iridoids represent a class of secondary metabolites found in a wide variety of popular medicinal plants. These are used as a bitter tonic, sedative, antipyretic, skin disorders and as hypotensive. 14 Generally, possess significant anti-inflammatory, analgesic, antibacterial, antifungal, antitumor activities, antioxidant, antiviral, anxiolytic and purgative activities. 13, [15] [16] [17] [18] [19] The iridoid plumieride has been isolate from several genus like Allamanda, Himatanthus, Plantago and Plumeria in different yields. [20] [21] [22] [23] [24] [25] Plumieride shows antidermatophytic, antifungal, plant growth inhibitory potential and in vitro cytotoxicity against radiationinduced fibrosarcoma (RIF) tumor cells. 19, 20, 26 Extraction of secondary metabolites with pharmacological activity has been investigated in recent decades, focusing mainly on extraction with a conventional solvent. The first step for the separation and isolation of natural products is the extraction of compounds from the cellular matrix. Traditional methods have significant drawbacks, including long extraction times, large quantities of organic solvents, intensive laboratory procedures, low yield of extraction and potential degradation of labile compounds. 27 Several advanced extraction techniques have been developed for improvement efficiency and selectivity for extracting natural compounds from herbal medicine, including pressurized liquid extractor, microwave assisted extraction (MAE), ultrasound assisted extraction and supercritical fluid extraction. [28] [29] [30] [31] MAE is a technique that uses microwave energy to directly heat the solvent to extract target compounds from various matrices, thus accelerating the speed of heating. The highly localized temperature can cause migrations of target compounds more selectively and more rapidly (usually in less than 30 min) with similar or better recovery than traditional extraction processes with the main advantages of reducing both extraction time and solvent consumption. [27] [28] [29] Many studies have been published on the application of MAE of secondary metabolites from plants. [32] [33] [34] In the present study, response surface methodology (RSM) was examined for optimization of MAE process parameters (solvent, irradiation power and extraction time) to obtain maximum yield of plumieride. Thus, the method was successfully developed to extract plumieride from A. cathartica flowers. To our best knowledge, there is no report about MAE of plumieride from A. cathartica.
MATERIAL AND METHODS

Chemicals
Plumieride was isolated from the extract of the flowers of Allamanda cathartica by column chromatography. The purity of the compound was assessed by high performance liquid chromatography (HPLC) and nuclear magnetic resonance (NMR) analysis, through comparison with the literature and direct comparison with original samples. 13, 21, 35 Plumieride presented a purity > 98%. Methanol and acetonitrile were purchased from Tedia® (HPLC grade). Distilled water was obtained from a Millipore Direct-Q water-purification system and used in all solutions. Other reagents are analytical grade and purchased from Tedia®.
Plant material
The flowers of A. cathartica were collected in Barra Velha (26°34'14.6"S 48°41'13.4"W) -Santa Catarina State in Brazil on January and February of 2011. The specimens were deposited in the Herbarium Barbosa Rodrigues in Itajaí -Santa Catarina under the code HBR 52742. Collected flowers were dried in a forced-air oven at 45 ºC to constant weight, and then ground using an electric grinder (model MA048, Marconi ® , São Paulo, Brazil), sieved through an insert of hole size 20 mesh, and stored at room temperature in desiccator until use.
Microwave assisted extraction
MAE extraction of A. cathartica flowers was performed using a Microwave Synthesis System (CEM ® -Discover/908005). The extracts were obtained using ethanol (E) and ethyl acetate (A) as solvent. The dried flowers (1.5 g) were placed in contact with each solvent in a 25 mL round bottom flask at 1:10 (m/v) for different extraction times (ET = 5, 10 and 20 min) and microwave power (MP = 100, 200 and 300 W) at a constant temperature of 50 °C. After filtration, the extracts were taken to dryness in a circulating air oven at a temperature of 45 °C, and stored in a desiccator until further use. After that, the temperature of extraction was raised up to the boiling point of each solvent in order to investigate using a single-factor-test to determine the influence of temperature in the yield of plumieride in different extracts. Extractions with ethanol and ethyl acetate were performed (Tedia®-HPLC grade) at times of 5, 10 and 20 min with fixed MP of 200 W. After, the extracts were obtained as described above. The extraction procedure was carried out in duplicate. The content of plumieride in the extracts was determined by HPLC-PDA analysis.
Conventional solvent extraction (CSE)
The dried vegetal material (5 g) was extracted exhaustively with 50 mL of ethanol or ethyl acetate at room temperature by conventional solvent extraction, for a period of two, four and seven days. Solvent removal was carried out under reduce pressure in a rotary evaporator at a temperature below 50 °C. Later they were taken to dryness in a circulating air oven at a temperature of 45 °C. The extraction procedure was carried out in duplicate.
Extraction and isolation of plumieride
Air-dried flowers (135 g) of A. cathartica were extracted by maceration with ethanol (1.35 L) at room temperature for seven days, filtered and the solvent removed under reduced pressure at temperatures below 50 ºC, which was dried under high vacuum to get crude extract (50 g). The ethanol extract of the flowers (30 g) was chromatographed in a silica-gel column with ethyl acetate and ethanol as solvent. The fraction eluted with ethyl acetate and ethanol (9:1) yielded plumieride. Then, it was recrystallized by methanol to yield 9% pure plumieride. The compound was analyzed by HPLC and NMR, then the data were compared with those found in the literature or with data of the standard previously isolated. 13, 21, 35 
HPLC analysis
Chromatographic analysis was carried out on a Waters ® 2996 HPLC system, equipped with a 600-F quaternary gradient pump, and 717 plus autosampler with an in-line degasser and coupled to a UV-Vis detector (PDA 2996). The data were acquired and processed by Empower software (Pro version). All separation was performed using a Phenomenex Luna C18 column (250 mm x 4.6 mm i.d. 5 µm particle size) protected by a C18 guard column at 25 ºC. The gradient system used consisted of a mixture of solvents A (methanol), B (acetonitrile 10%) and C (water acidified with phosphoric acid at pH 3.54), starting with 10% A, 10% B and 80% C at a flow rate of 1 mL min -1 . The linear solvent gradient increased to 20% A and 70% C in 20 min; 20% A and 70% C in 35 min; 35% A and 55% C in 50 min; 50% A and 40% C in 55 min; 70% A and 20% C in 65 min; 50% A and 40% C in 70 min and 10% A and 80% C was maintained until the end of the run to re-equilibrate the system for baseline stability. The solvent gradient in volume ratios of A and C was as follows: 0-10 min, 10-80% C; 10-20 min, 20-70% C; 20-35 min, 35-55% C; 35-50 min, 50-40% C; 50-55 min, 70-20% C; 55-65 min, 50-40% C; 65-70 min, 10-80% C. UV-Vis spectra were recorded at a wavelength range of 200-400 nm. Detection wavelength for analysis of plumieride was performed at 230 nm and to assess absorption profiles related to flavonoids 355 nm. 36, 37 The solvents used were HPLC grade (high purity), filtered (0.2 µm, Schleicher & Schuell, Maidstone, Kent, UK) and degassed by sonication before use. In this chromatographic condition, the retention time of plumieride (Rt) was next to 15.4 ± 0.1 min. Plumieride were quantified using external standards method.
Standard solutions and sample preparation
A first stock solution of plumieride standard of 1 mg mL -1 was prepared in methanol. From this solution six dilutions were performed to prepare standard solutions at concentrations of 150, 250, 350, 500, 600, 800 µg mL -1 , and a second stock solution of plumieride standard of 0.1 mg mL -1 was prepared to prepare five standard solutions at concentrations of 5, 10, 20, 40 and 80 µg mL 
HPLC/PDA validation method
The analytical method was validated according to the following parameters: linearity, accuracy, limit of detection (LOD), limit of quantification (LOQ), accuracy and specificity. To check the method linearity, eleven different concentrations of the standard solution were prepared, as described for the Standard Solution, ranging from 5-800 µg mL -1. The solutions were injected in triplicate and monitored at 230 nm. Calibration graphs were plotted subsequently for linear regression analysis of the peak area with concentration. The method precision was determined by analyzing three standard solutions containing plumieride at a concentration of 360 µg mL -1 . Each analysis was performed five times on the same day, obtaining the total of 15 injections. According to literature, the accuracy can be expressed as RSD, not accepting values above 5%. 38, 39 The LOD and LOQ were determined by the method of signal-to-noise ratio (S/N) of 3:1 and 10:1, respectively. 39 To evaluate the method accuracy a recovery experiment was performed. A known extraction solution that contain 40.32 µg of plumieride were spiked with 40, 360 and 680 µg mL -1 of standard plumieride solution. Each analysis was performed in triplicate in the same vial and this procedure was performed three times. Accuracy was calculated from the following equation: [(spiked concentration -real mean concentration)/ spiked concentration] x 100. The specificity was analyzed after subtracting the mean concentration of the known extraction that containing 40.32 µg of plumieride from that spiked with 360 µg mL -1 of standard plumieride. The value obtained was compared with the average concentration of a solution of plumieride contained 360 µg mL -1 by a rule of three, where this solution is equal to 100%.
Quantification of plumieride
Plumieride was identified by the retention time and quantified from peak area at 230 nm using external standard method. The value of the areas obtained in triplicates of the plumieride was recorded by Empower software. It was calculated the mean of triplicates, standard deviation (s) and RSD. to check the reproducibility of the data. The values of RSD were lower than 5%, analyzes were considered reproducible and by the straight-line equation of the standard response curve of the marker were obtained the concentrations in the samples.
Experimental design and statistical analyses
In this present work, response surface methodology (RSM) coupled with Box-Behnken experimental design with three-level factorial design for two variables, was applied to investigate the individual and interactive effects of process variables to extract plumieride from A. cathartica flowers using MAE. MP and ET were the independent variables, while the extraction mass and plumieride content the response. Statistical analyses were performed using STATISTICA software version 8.0 (Statsoft). Two-way ANOVA was done to determine the effects of extraction method and ET on mass and plumieride yields, and means comparison was done by Tukey`s test with a significance level at 5%. Considered statistically significant p < 0.05.
RESULTS AND DISCUSSION
To obtain the highest content of plumieride, the conditions of MAE were investigated. MAE process is influenced by several parameters like extraction solution, temperature, and ET. The common extraction solvent for medicinal plants are water, alcohol (methanol and ethanol), ethyl acetate, dichlorometane and their mixtures. Ethanol becomes the first choice of MAE extraction solvent as it has high solubility for many kind of metabolites. Besides extraction solvent, the microwave temperature, power and time also need optimization. In this aspect, the RSM was adopted for multi-factor optimization of MAE in this paper. Through this method it was evaluated the factors which affect the biological process and their interaction, thus improving extraction efficiency.
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HPLC analysis
In this work, it was developed and validated a sensitive method to analyze and quantify plumieride in extracts of A. cathartica flowers. The method showed a satisfactory peaks separation, mainly plumieride peak (Rt = 15.4 ± 0.1 min), the main component in the extract, with good resolution within a short space of time using a gradient method. The Figure 1 There is a direct relationship between chromatographic peak area and analyte concentration. It can be seen that there is a similarity in the phytochemical profile, wherein a difference in the concentrations could be observed. In both extracts obtained by MAE and conventional maceration the plumieride area is higher, when it was used ethyl acetate as solvent. All other extracts by MAE present similar profile to those shown in Figure 1 .
The chromatographic method proposed in this work was validated to determine the LOD, LOQ, linearity, intra-day precision and accuracy, for the determination of plumieride in crude extracts and fractions. 38, 41 Method linearity was checked by calibration curve. The linear regression equation for plumieride was expressed as y = 33000x -29000, with correlation coefficient r = 0.9998 and coefficient determining (r 2 ) 0.9996. ANVISA, 42 recommends a correlation coefficient equal to or greater than 0.99. Therefore, the r value was found around 1, indicating that the method showed a good linear fit and that the measurement results obtained were directly proportional to analyte concentration in the range 5-800 µg mL -1.
The coefficient of determination (r 2 ) indicated that the response of the straight line equation for calculating the concentration of the plumieride marker was 99.96%.
Precision is the assessment of the closeness of the results obtained from multiple measurements of a series of homogeneous samples, under the same conditions, and is calculated using the coefficient of variation. 41, 42 Repeatability was determined by analysis of three standard solutions containing plumieride at a concentration of 360 µg mL -1 . Each analysis was performed five times in the same vial to give a total of 15 injections. The method showed good repeatability, the coefficient of variation did not exceed the value of 0.24%, presenting lower than specified by RE Resolution No. 899 that specifies the current limit of the coefficient of variation of 5.0%. 42 The LOD and LOQ found for plumieride was 1 µg mL -1 and 2 µg mL -1, respectively. Accuracy is the degree of agreement between individual results in a particular test and a reference value accepted as true value. 37, 41 The accuracy, in terms of recovery, was performed by spiking a known extraction solution with standard at specific concentration and then determined by HPLC method. The mean recovery and the% RSD for the plumieride were calculated. A mean recovery of 98.5% with RSD of 3.3% was obtained. These results are within the acceptable variation range (70 -120%) for recovery experiments according to literature. 38 The coefficients of variation values were relatively low, around 3.3%. These values are in accordance with the acceptance criteria for validation of an analytical 
. HPLC Chromatogram of the extracts obtained by MAE (A) and CSE (B) of A. cathartica flowers at 230 nm. For Chromatographic conditions see experimental session
method described in literature, making the methodology validated for the quantification of the marker in the extraction and fractions of flowers of A. cathartica. 38, 39 The specificity is the ability of a method to differentiate a compound in the presence of other components in the sample. 42 The specificity was found 97.32%. The linearity values, precision and accuracy results indicated that the established method can be well used in the quality control to analyze plumieride in extracts obtained from this plant drug. Plumieride was selected as chemical marker for analytical method validation due to its high yields and pharmacological activities. Chemical markers are used for identification and quality control of herbal medicines. They also can be applied for pharmaceutical and cosmetic products containing the same herbal drug. The recoveries of plumieride obtained with ethyl acetate are higher than those obtained with ethanol for both extraction methods. Also, less interfering substances were detectable by HPLC using ethyl acetate as solvent, this suggest that ethyl acetate can extract plumieride more selectively than ethanol. However, ethanol extract bigger amounts of extract mass, leading to a final content of plumieride greater than ethyl acetate, as can be seen by the results of plumieride per gram of dried flowers.
In order to obtain an efficient extraction method, MAE parameters that potencially influences the yields of plumieride were evaluated and optimized ( Table 1 ). The standardized Pareto chart was employed to determine the influence of the parameters on the yield of plumieride (Figure 2) . A standardized Pareto chart consists of bars with a length proportional to the absolute value of the estimated effects and are displayed in order of the size of the effects, with the largest effects on top. The vertical line in the chart indicates the minimum statistically significant effect magnitude for 95% confidence level. Effects with bars smaller than the critical t-value are considered as no significant and not affecting the response variables. From the data obtained, it is found that time and power does not influence the content of plumieride with ethanol (Figure 2A) . However, using ethyl acetate a significant increase in plumieride yields can be notice with the increase of ET, indicating that time directly influences the plumieride extraction, as can be seen in Figure 2B .
To investigate the interactive effects of the independent variables and their mutual interaction on the yield of plumieride a two factorsthree level Box-Behnken response surface analysis was employed. The three-dimensional surface plot is drawn in Figure 3 On the other hand, a second-order model was fitted to the results obtained from the ethyl acetate extracts and model coefficients were evaluated to ascertain significance. R 2 of the model was 0.9207, 
where Y is the yield of plumieride in mg g -1 dry flower, X 1 and X 2 are ET and MP, respectively.
From the observation of the extractions obtained with ethyl acetate (Figure 3B ), it can be seen that the extraction yields of plumieride increased with the increase of the ET (p = 0.000000), with less significant influence of MP (p = 0.045518). The model reveals that ET had a linear effect to increase the yield of plumieride. According to equation (1) ), which suggested that this point was near the optimal point. Therefore, the best microwave condition for ethyl acetate was MP of 300 W and ET of 10 min. The corresponding predicted value was 24.7 mg g -1 , which was in close agreement with the experimental yield.
Influence of temperature extraction on the yield of plumieride
In order to optimize and investigate the influence of temperature in the extraction condition, it was performed three additional analysis for each solvent, with three different ET (5, 10 and 20 min), at temperature 76 ºC, with fixed MP of 200 W. The results are shown in Table 2 .
Comparing the results of the extractions obtained with ethanol at 50 ºC and 76 ºC, it can be seen that temperature significantly influence (p= 0.000035) the yield of plumieride per gram of dry flowers. Meanwhile, ET not significantly (p > 0.05) influence the amount of plumieride. This can be confimerd by the Pareto chart of standardized effect (Figure 4) . Temperature also increase the mass yield extract in 61, 52 and 47%, respectevely for 5, 10 and 20 min, compared with those in the same conditions at 50 ºC. Higher extraction temperature possibly enhances the spread ability and solubility, which is beneficial to extract sugars and others compounds such as flavonoids, thus contributing to the increase of the extract weight. Therefore, for the extraction with ethanol the best condition was 5 minute of ET, MP of 200 W and at temperature of 76 °C. From the results obtained with ethyl acetate, it was found that time and temperature significantly (p < 0.05) increase the amount of extract mass in 47, 42 and 34%, respectively for 5, 10 and 20 min, compared with those in the same conditions at 50 ºC. It can be found that the yield of plumieride significantly increased with the increase of ET and temperature. This fact could be confirmed statistically by the p-values obtained from ANOVA calculations (time: 0.000008 and temperature: 0.000000). All the means were different (p < 0.05) and the highest amount of plumieride obtained with ethyl acetate was 42 mg g -1 of dry flowers. It can be concluded that for the extraction with ethyl acetate the optimun extraction conditions were ET of 20 minutes with MP of 200 W and temperature of 76 °C. In this conditions the yield of plumieride in the extract was 46%. This increase in extraction yield of plumieride maybe due to the high temperature in MAE that increased the desorption of analytes from active site in the matrix, and also cause a decrease on the surface tension and viscosity of the solvent, which improved the capacity to solubilize analytes and improves the efficiency of extraction. 44 In general studies published with A. cathartica works with aerial parts using conventional solvent extraction. Due this lack of information it became difficult to made a proper comparison. In this study, it was possible to isolate plumieride with 9% of yield with respect to the mass of dried flowers. In the literature, it can be found yields ranging from 0,13 to 1,6%.
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Comparison of MAE with CSE
The yields of plumieride in the extracts from A. cathartica flowers using MAE and CSE methods is presented in Table 1 , 2 and 3. The results indicated that MAE showed a greater extraction capacity of plumieride in both solvents compared to CSE. After optimization in MAE parameters, plumieride yields was significantly (p < 0.05) higher than that obtainde with CSE.
The higher extraction yield of plumieride with MAE could be due the unique mechanism of extraction that uses microwave energy to heat rapidly and efficiently the solvents and the vegetable matrix that contains amount of water that strongly absorbs microwave energy, leading to cell disruption which increases the penetration of the solvent inside the matrix accelerating the dissolution of intracellular effective components and increasing the yield of the extraction. 29, 30 The main advantages of MAE over conventional extraction techniques are reduced solvent consumption and ET, moderately high recoveries, good reproducibility and minimal sample manipulation in the extraction process. 45 In conclusion, compared with other extraction methods, MAE had the highest extraction yield of plumieride from the A. cathartica flowers with shortest extracting time.
CONCLUSION
The present work established an improved and optimized MAE method for extracting plumieride from A. cathartica flowers. Also, proved to be fast and efficient compared with CSE. The extraction yield of plumieride was improved greatly using a RSM with two factors at three levels. ANOVA was used to examine the RSM experimental data. Under optimal MAE conditions this approach could provide higher contents of plumieride, i.e. ethyl acetate as extraction solvent, MP 200 W, ET 20 min and 76 ºC, plumieride yield Results are expressed as mean value ± standard deviation. Same letters refer to means not statistically different (p>0.05). was 42 mg g -1 of dry flowers, and with ethanol as extraction solvent this yield reached 56 mg g -1 of dry flowers. Microwave irradiation improved the cell rupture of the plant materials and enhanced the efficiency of the solvent on the extraction of the analyte from the plant matrix. Together with MAE extraction, a simple, fast, selective, precise and accurate HPLC-PAD method has been developed for analysis and quantification of plumieride in extracts of A. cathartica flower. This method can be useful to the pharmaceutical analysis of iridoids in extracts of plants due to pharmacologically effect important of this class of compounds. Our results also contribute to future experiments with MAE system as a plant extraction technique.
